Abstract-The article is devoted to calculation of threedimensional magnetostatic fields of electrical engineering devices of fixed or with linear motion trajectory of various functional purposes by the finite element method using a regular finite element network. The aim of the research is to create an algorithm for forming coefficients of global SLAE of the finite element method on the basis of three-dimensional finite element "hyper-cube" when solving magnetostatic problems for obtaining engineering methods. The study subject is magnetostatic threedimensional vector models of electromagnetic processes of electrical engineering devices, electrical engineering and electromechanical systems and methods of their calculation. The tasks are: to develop three-dimensional elements such as "cube" and "hyper-cube", to obtain recurrent relations for global system of linear algebraic equations (SLAE) coefficients. Research methods are: numerical calculations based on projection-grid method of the Galerkin in combination with the finite element method. The results are: a three-dimensional element of "cube" and "hyper-cub" type for a three-dimensional regular network of the finite element method has been offered, and recurrence relations for global SLAE coefficients are developed when working out engineering methods for calculating magnetostatic fields and their power characteristics in electrical engineering devices with minimal costs of the computer dynamic memory.
I. INTRODUCTION
Numerical modeling of the magnetic field and its power characteristics of electrical engineering devices of fixed or with linear motion trajectory for various functional purposes is carried out using two-dimensional (plane or Cartesian), axisymmetric, three-dimensional numerical field models on the basis of Maxwell's equations [1] . Calculations of static, quasi-stationary and quasi-variable vector models of electromagnetic processes of electrical engineering devices [2] are carried out using projection-grid methods [3] , namely, the finite element method [4] . FEM is used in such software products as ANSYS [5] and ELCUT [6] (professional versions), COMSOL Multiphysics [7] .
The emergence of corporate universal software, developed not always by specialists in this production field and in certain sections of mathematical physics, complicates its engineering assimilation and manufacturing application. The stage of electrical engineering device numerical simulation based on the finite element method for its research and design is proposed to be reduced and cheapened by changing the process of developing a global system of linear algebraic equations (SLAE) from the systems of elemental equations. This article is considered as a continuation of the idea proposed in for flat 2 D-models [8] and 3 D-models [9] for calculating the magnetic problems of electrical engineering devices.
II. FORMULATION OF THE PROBLEM. THREE-DIMENSIONAL PROBLEM OF MAGNETOSTATICS FOR ELECTRICAL ENGINEERING DEVICES
Magnetostatics problems in the study of electromagnetic processes of electrical engineering devices are described with elliptical Laplace-Poisson equation. In the Cartesian coordinate system, the equation has the form:
where A( x, y,z ) is a vector-potential of the magnetic field (a magnetic vector potential), ( x, y,z ) V ∈ (V is the modeling domain), u( x, y,z ) is the right part, determined by the 
where r µ is relative magnetic permeability of the model material, A is a vector-potential of the magnetic field, 0 µ is the magnetic constant, j is the current density vector. Vector equation (2) is represented by three scalar equations with respect to the vector-potential A( x, y,z ) along the axes of the Cartesian coordinate system (x, y, z): 
The solution of equations (3)- (5), as a rule, is carried out numerically, considering the complex geometry and variety of magnetic properties of the materials of the electrical engineering device under study.
III. SOLUTION OF THE THREE-DIMENSIONAL MAGNETOSTATIC PROBLEM FOR ELECTRICAL ENGINEERING DEVICES BY THE FINITE ELEMENT METHOD USING THE FINITE ELEMENT "HYPER-CUBE"
To solve equations (3), (4) and (5) the projection-grid method [3] or the method of residuals (the Galerkin method) in combination with the finite element method is used. The essence of the method is to determine an approximation of functions
A ( x, y,z ) based on the basic functions in a limited volume -three-dimensional finite elements (FE), which is divided into the entire volume of modeling ( Fig. 1, а, b) . The three-dimensional regular network based on the three-dimensional finite element of "parallelepiped" type divides the volume domain of magnetostatic field modeling, and if all its sides are equal in length, width and height, it is an element of the type "cube" (Fig. 1, а) .
The partitioning of the modeling domain into FE can be regular and irregular. With regular partitioning, the communication structure of each FE with neighboring FCEs is constant. Using regular partitioning has several advantages: to simplify the process of partitioning the three-dimensional modeling on FE, to make the process fully automatic, to simplify the data structure for FE parameters storage in computer RAM memory, due to this there is a significant increase in the rate of formation of linear algebraic system equations to solve equations (3), (4) and (5) according to FEM, to reduce the resource consumption of the algorithm [8, 9] . Using the "hyper-cube" element, consisting of 8 (eight) elements of the "cube" type and 27 nodes, allows obtaining recurrence relations for global SLAE coefficients of finite element method without the stage of compiling eight elemental equations for the "cube" elements. This gives transition immediately to the global SLAE equation for the central node of "hyper-cube" -y111 element (Fig. 1, b ).
In the Galerkin method the solution of the problem is based on the condition of orthogonality the residual
where A  is an approximate solution of the differential equation L( A ) f = , N a is basis function. According to (6) with respect to A x (for A y and A z ) transformations are the same and there can be written: 
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where r is FE number, P is FE total number; V r is volume of 
For the element r of "cube" type containing 8 nodes: i, j, k, l, m, n, o, p (Fig. 1, а) there can be written [9] :
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As a result of combining the matrices [ ] r K for each FE, a string matrix of global SLAE is obtained. The resulting matrix has a sparse nature, and it has zero elements (Tab. I).
IV. ALGORITHM FOR FORMING COEFFICIENTS OF THE GLOBAL SLAE OF FINITE ELEMENTS METHOD
By substituting in (9) specific basis functions, coefficients
K is a complex and routine task. The basic functions for FEs of parallelepiped type (Fig. 2) will have the form [10] :
Therefore, to accelerate the decision and to except errors when there are transformations to display element SLAE coefficients there was used Maple mathematical package [11] . A program in the built-in language of formula description has been developed. The program for outputting coefficients SLAE of parallelepiped type ("cube") with 8 nodes (Fig. 2) , in Maple is as follows: 
V. THE RESULTS OF NUMERICAL EXPERIMENTS ON THE FORMATION OF COEFFICIENTS OF ELEMENTAL AND GLOBAL SLAE FINITE ELEMENT METHOD WITH FINITE ELEMENTS OF "CUBE" AND "HYPER-CUBE" TYPE FOR CALCULATING THE MAGNETIC FIELDS OF THE ELECTRICAL ENGINEERING DEVICES
After calculations one can obtain elemental equations (matrix) for a finite element of the "cube" type ( Fig. 2) Then a three-dimensional element is formed of "hypercube" type of eight cubes with 27 nodes, and an equation from global SLAE is developed for it. It is written about the central node y111 (Fig. 1, b) , and it will contain 27 terms. For the next three-dimensional element such as "hyper-cube" calculations are repeated, and according to the same rules and recurrence relations. For example, the coefficient of the global SLAE of the "hyper-cube" element is (Fig.1, b) 
VI. THE RESULTS DISCUSSION
Maple package encapsulates the resulting equations for the coefficients of global SLAE of finite element method in text form directly into the program editor Borland C++ Builder, it is used to develop a program code of 3D calculating of threedimensional magnetic fields of electrical engineering devices.
VII. CONCLUSIONS
The use of a regular network of three-dimensional finite elements such as "hyper-cube" in calculating the magnetostatic field of an electrical engineering device by the Galerkin-FEM allows to pass the stage of formatting elemental equations and to proceed directly to formation of the matrix of global SLAE coefficients on the basis of recurrence relations. Thus, the problem of storage and transformation (primarily for direct methods of solving SLAE) of the global matrix in the computer's memory is simplified, and it increases its performance, especially for a personal computer. The developed algorithm for the formation of a global SLAE of finite element method develops program codes in Borland C++ Builder when developing software for systems of engineering design of electrical engineering devices.
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